
RESEARCH OBJECTIVES
The objective of this re s e a rch is to examine the dynamic poro-

elastic behavior of single fractures and faults in rock for a range
of hydraulic properties. To this day, laboratory experiments on
the dynamic properties of single fractures have been conducted
nearly exclusively using ultrasonic waves. When extrapolating
the laboratory-measured properties to the field, however, larg e
d i ff e rences in the seismic wave frequencies used in the laborato-
ry (~1 MHz) and the field (~100 Hz–10 kHz) may result, causing
significant discrepancies. To overcome this diff i c u l t y, we devel-
oped an acoustic resonant bar apparatus that can measure the
complex elastic moduli of rocks containing fractures in the sonic
range (~1 kHz). 

APPROACH
Conventional resonant bar tests have been used since the

beginning of laboratory acoustic testing of materials. Typically,
a resonant bar test measures a resonance frequency and damp-
ing (attenuation) of vibrations in a long, bar-shaped sample
and relates them to the complex elastic moduli of the material.
Since the frequency, or rather, wavelength, of the resonance is
determined by the dimension of the sample, we require a
longer sample for measuring the moduli at low frequencies.
For testing rocks, this can be a problem, since rock cores longer
than several inches (corresponding to frequencies of tens to
hundreds of kilohertz) are difficult to obtain. 

We have adopted an experimental setup from an acoustic
test called the split Hopkinson bar test, which employs a short
core or disk-shaped rock sample sandwiched between two
long slender metal bars (see Figure 1). While a conventional
split Hopkinson bar test measures reflected and transmitted
waves across the sample, our setup measures the resonance of
the whole system, which allows us to determine the material
properties more accurately. Because of the extra length and

mass added by the attached metal bars, meas-
u red resonance frequencies are re d u c e d ,
which allows us to measure low-frequency
properties of the rock sample. The complex

elastic moduli of the rock sample are determined via nonlinear
numerical inversion, using a one-dimensional wave propaga-
tion model, from measured resonance frequencies and attenu-
ation (measured from the width of the resonance peak). For
determining the dynamic properties of a fracture, we conduct
two sets of measurements, before and after the fracture is intro-
duced in a rock core. The difference in the apparent elastic
moduli of the rock core provides the properties of the fracture. 

ACCOMPLISHMENTS
We developed an experimental apparatus for measuring

acoustic resonance of short core samples (one to four inches in
length) under hydrostatic pre s s u re from high-
p re s s u re gas. Concurre n t l y, we developed a com-
plex-elastic moduli inversion technique that
allows us to extract the moduli of a sample fro m
m e a s u red apparent elastic moduli. An important
recent improvement was the consideration of the
e n d - e ffect, which resulted in an appare n t
i n c rease in the Young’s modulus of a short core
sample for materials with a high-Poisson’s ratio.
A series of experiments was conducted on both
synthetic materials with known material pro p e r-
ties, and natural geomaterials—including uncon-
solidated sand, well-consolidated sandstone and
carbonates (limestone and chalk), and rock core s

containing fractures. 

SIGNIFICANCE OF FINDINGS
Experiments for a fractured sandstone core demonstrated

that the split Hopkinson resonant bar test is very sensitive to
the changes in fracture properties: changes in fracture compli-
ance that result in less than 0.1% of wave transmission coeffi-
cient across a fracture can be resolved. This allows us to use the
current experimental setup for studying the dynamic poroelas-
ticity of a fracture, with good resolution. 
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Figure 1. Fracture compliance measurement via split Hopkinson resonant bar tests. A
sample assembly containing a short rock core suspended within a metal cage is acousti-
cally resonated within a confining cell (A). Using this setup, normal (compressional)
and shear compliances of fractures under dry and water-saturated conditions are meas-
ured as a function of applied normal stress (B).
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